Introduction
Chromone compounds are known to exhibit a broad spectrum of biological properties such as anticancer, 1, 2 antimicrobial, 3,4 antiviral, 5 and antitobacco mosaic virus 6 activities. They are versatile molecules because their chemical reactivity towards nucleophiles provides a useful route for preparation of a variety of heterocyclic systems. 7, 8 The use of chromone compounds to synthesize heterocyclic systems via ring opening and ring closure sequences with appropriate nucleophiles is well known. 9−17 There are only a few publications using chromone-3-carboxylic acids or their esters in nucleophilic reactions, where nitrogen nucleophiles attack the γ -pyrone ring at C − 2 position with concomitant ring opening and recyclization at C−4 or the carboxylic group, leading to the formation of various nitrogen heterocycles. 18−21 However, only the reaction of chromone-3-carboxylic acid
(1) with carbon nucleophiles, namely malononitrile and cyanoacetamide, has been studied. 22 In continuation of our studies on the chemistry of 3-substituted chromones, 23−30 the present work reports unexpected and convenient routes to synthesize functionalized benzoxocinones and annulated pyranochromenes via reaction of chromone-3-carboxylic acid (1) with a variety of acyclic and cyclic carbon nucleophiles.
Results and discussion
In previous research, 22 we found that the γ -pyrone ring in chromone-3-carboxylic acid (1) was expanded to an oxocinone ring under the reaction with malononitrile to produce 2-amino-3-cyano-6H -benzoxocin-6-one (2) as depicted in Figure 1 . The work was extended in the present research to study the effect of other acyclic and cyclic carbon nucleophiles on chromone-3-carboxylic acid (1) to confirm the ring expansion phenomenon. Reaction of carboxylic acid 1 with some acyclic active methylene compounds, namely ethyl cyanoacetate, chloroacetonitrile, and benzyl cyanide, in absolute ethanol containing a few drops of triethylamine as a basic catalyst led to the expansion of the γ -pyrone ring in chromone-3-carboxylic acid (1), affording 2-amino-3-substituted-6H -benzoxocin-6-ones 3-5, respectively ( Figure 1 ). Compound 3 was also obtained authentically from the reaction of carboxylic acid 1 with 3-(3,5-dimethyl-1H -pyrazol-1-yl)-3-oxopropanenitrile (6) under the same reaction conditions to give the nonisolable intermediate 7, which was hydrolyzed in situ by ethanol, giving the ethyl ester 3 ( Figure 1 ). 25 We envisioned that this transformation occurred by way of Michael addition, ring opening, decarboxylation, and intramolecular cyclization. In this pathway, the electron-deficient chromone behaves as an acceptor in Michael addition of nucleophilic active methylene to generate intermediate A. This process is followed by chromone ring opening to form intermediate B, which underwent decarboxylation to give intermediate C1. The latter intermediate C1 underwent an intramolecular cyclization at the internal nitrile to afford the target compounds (route a) (Figure 2 ). 31 The route b to produce iminopyran derivative 8 was excluded on the basis of the spectral data ( Figure 2 ).
The structures of compounds 3-5 were deduced from their elemental analysis and spectral data (see Experimental section). For example, the UV spectrum of compound 3 showed three electronic transition bands at λ max 271, 346, and 450 nm corresponding to π − π * and n − π * transitions and the extended conjugation between the electron donating amino group at position 2 and the electron withdrawing carbonyl group at position 6. The IR spectrum of ethyl ester 3 showed characteristic absorption bands at 3339 (br, NH 2 ) , 1679 On the other hand, when compound 4 was allowed to react with sodium cyanide in ethanol, compound 2 was obtained ( Figure 3) . absolute ethanol containing a few drops of piperidine and morpholine, respectively ( Figure 3 ). The postulated mechanism for the formation of carboxamides 9 and 10 from compound 1 occurred via the formation of ethyl ester 3, which was not isolated when piperidine or morpholine were used as catalysts but underwent rapid nucleophilic substitution for the ethoxy group by the nucleophiles used under the reaction condition. Structures of compounds 9 and 10 were deduced from their elemental analysis and spectral data (see Experimental section).
The present study was extended to investigate the chemical behavior of chromone-3-carboxylic acid (1) towards some acyclic carbon nucleophiles containing an active methylene group between two carbonyl groups. Therefore, boiling carboxylic acid 1 with acetylacetone and ethyl acetoacetate in absolute ethanol containing a few drops of triethylamine afforded the corresponding 2-methyl-3-substituted-6H -1-benzoxocin-6-ones 11 and 12, respectively ( Figure 4 ). The reaction proceeds via the previously suggested reaction mechanism described in Figure 2 Interestingly, it was found that chromone-3-carboxylic acid (1) showed unexpected behavior towards diethyl malonate compared to the previous acylic active methylene compounds. Thus, contrary to our expectation, refluxing an equimolar amount of carboxylic acid 1 with diethyl malonate in absolute ethanol containing a few drops of triethylamine produced 2-(2-hydroxyphenyl)-4H ,5H -pyrano[2,3-b] chromen-5-one (13) ( Figure   5 ). The expected benzoxocinone derivative 14 was excluded due to the absence of ethoxycarbonyl, H-4, and H-5 protons in its 1 H NMR spectrum ( Figure 5 ). The product 13 was formed via nucleophilic attack of diethyl malonate anion at the C-2 position of carboxylic acid 1, followed by decarboxylation and abstraction of protons by triethylamine to give the intermediate A1 or A2. Michael addition of the intermediate A2 on another molecule of carboxylic acid 1, followed by ring opening furnished the intermediate C, which underwent decar- 94.0, and 175.8 ppm corresponding to CH 2 , C-3, and C=O, respectively. The mass spectrum of compound 13 showed a molecular ion peak at m/z 292, which is consistent with its molecular formula (C 18 H 12 O 4 ) and supported the proposed structure.
In most of the previously mentioned reactions, the γ -pyrone ring in chromone-3-carboxylic acid (1) was expanded to an oxocinone ring upon its reaction with acyclic active methylene compounds to produce 6H -benzoxocin-6-one derivatives. This encouraged us to study the chemical behavior of chromone-3-carboxylic acid (1) towards some cyclic active methylene compounds.
Thus, treatment of chromone-3-carboxylic acid (1) with dimedone produced 2-(2-hydroxyphenyl)-7,7-dimethyl-6,7-dihydrochromen-5-one (15) and not the ring expanded product 2, (16) as depicted in Figure 7 . The structure of compound 15 was elucidated from its elemental analysis and spectral data. The IR spectrum of compound 15 showed a broad absorption band at 3100 cm (300 MHz) using DMSO-d 6 as solvent and TMS as an internal standard. The 13 C NMR spectra (chemical shift in δ) were measured on a Mercury-300BB (75 MHz) and a Bruker spectrometer (100 MHz) using DMSO-d 6 as solvent. Mass spectra recorded on a Gas Chromatographic GCMSqp 1000 ex Shimadzu instrument at 70 eV. The purity of the synthesized compounds was checked by thin layer chromatography (TLC). Elemental analyses were performed on a PerkinElmer 2400II at the Chemical War Department, Ministry of Defense, Cairo, Egypt. Chromone-3-carboxylic acid (1), 34 3-(3,5-dimethyl-1H -pyrazol-1-yl)-3-oxopropanenitrile (6), 35 and 1,3-diphenyl-1H− pyrazol-5(4H)-one 36 were prepared according to the literature.
General procedure for the synthesis of 2-amino-3-substituted-6H -1-benzoxocin-6-ones 3-5
A mixture of chromone-3-carboxylic acid (1) (0.95 g, 5 mmol) and acyclic active methylene compounds, namely ethyl cyanoacetate, chloroacetonitrile, benzyl cyanide, and 3-(3,5-dimethyl-1H -pyrazol-1-yl)-3-oxopropanenitrile (6) (5 mmol), in absolute ethanol (20 mL) containing a few drops of triethylamine was heated under reflux for 4 h. The solvent was concentrated to half its volume under vacuum. The formed solids were filtered and recrystallized from ethanol to give compounds 3-5.
Ethyl 2-amino-6-oxo-6H-1-benzoxocine-3-carboxylate (3)
Beige crystals, yield (0.58 g, 45%), mp 163-164 
2-Amino-3-cyano-6H-1-benzoxocin-6-one (2)
A
2-Amino-3-(morpholin-1-ylcarbonyl)-6H-1-benzoxocin-6-one (10)
Yields
General procedure for the synthesis of compounds 15-18
A mixture of carboxylic acid 1 (0.95 g, 5 mmol) and cyclic active methylene compounds, namely dimedone (0.7 g, 5 mmol), 1,3-diphenyl-1H -pyrazol-5(4H)-one (1.18 g, 5 mmol), and thiobarbituric acid (0.72 g, 5 mmol), in absolute ethanol (20 mL) containing a few drops of triethylamine was heated reflux for 4 h. The solids formed after cooling were filtered and recrystallized from ethanol to give the target products. 
Conclusion
The present work reports a convenient method for the synthesis of functionalized benzoxocinones and annulated pyranochromenes from the reaction of chromone-3-carboxylic acid with some acyclic and cyclic methylene nucleophiles. The method depends on cleavage of the O-C bond in the γ -pyrone ring or condensation of the carboxylic group with acyclic and cyclic active methylene compounds, followed by further heterocyclization, leading to the target products in one pot.
